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arly pregnancy failure occurs in 15 percent of clinically recognized pregnancies. 1 The most common types of early pregnancy failure include spontaneous abortion, anembryonic gestation, and embryonic or fetal death. Approximately one in four women will have an early pregnancy failure during her lifetime. 1 For most of the 20th century, dilatation and curettage was the commonly accepted approach to early pregnancy failure. This practice can be traced back to the late 19th and early 20th centuries, when illegally induced abortions commonly resulted in hemorrhage and sepsis. 2 With the legalization of abortion and the availability of antibiotics, these problems have become rare. In more recent years, the medical community began to question whether immediate evacuation by surgical intervention was necessary for uncomplicated cases of early pregnancy failure. 3, 4 Expectant management is clearly an option for incomplete spontaneous abortion, but the success rate with the use of this approach for embryonic or fetal death or anembryonic gestation is suboptimal (ranging from 25 to 76 percent). 5, 6 The interval to spontaneous expulsion is unpredictable, and it may take a month. The uncertainty and anxiety, along with the sadness resulting from pregnancy loss, often make expectant management less appealing to patients.
Medical management with misoprostol for early pregnancy failure appears to offer more prompt evacuation of the uterus and has become an increasingly popular alternative. 7 However, the efficacy, safety, and acceptability of this approach have yet to be established in a large, randomized trial. We conducted a multicenter randomized trial comparing misoprostol treatment with vacuum aspiration, the current standard of care, for early pregnancy failure.
This randomized trial was approved by the institutional review boards of the National Institute of Child Health and Human Development, Columbia University, the University of Miami, the University of Pennsylvania, the University of Pittsburgh, and Clinical Trials and Surveys Corporation. Patients who sought medical care for possible early pregnancy failure at the four university settings from March 2002 to March 2004 were screened. Women who had an anembryonic gestation or embryonic or fetal death were eligible for inclusion if they had an ultrasound examination demonstrating an embryonic pole or crown-rump length between 5 and 40 mm without cardiac activity, 8 an anembryonic gestational sac with a mean diameter between 16 and 45 mm, 9 growth of the gestational sac by less than 2 mm over a five-day period or less than 3 mm over a seven-day period, 10 or an increase in human chorionic gonadotropin levels of less than 15 percent over a two-day period, with a yolk sac visualized by ultrasound examination. Women who had an incomplete or inevitable abortion were also included. Incomplete spontaneous abortion was defined as the passage of some products of conception, with the residual anteroposterior endometrial lining exceeding 30 mm on transvaginal ultrasonography and a uterine size indicating less than 13 weeks of gestation. This cut-off was based on evidence from prior studies of women treated with misoprostol for medical abortion 11 or early pregnancy failure. 12 Inevitable abortion was defined as an intrauterine gestational sac of less than 45 mm or embryonic pole of less than 40 mm and an internal cervical os that was open to digital examination with active vaginal bleeding. Women were excluded if they had anemia (hemoglobin level below 9.5 g per deciliter), had hemodynamic instability, had a history of a clotting disorder or were using anticoagulants (not including aspirin), were allergic to prostaglandins or nonsteroidal antiinflammatory drugs, or had previously undergone a surgical or medical abortion that was either self-induced or induced by other physicians during the current pregnancy. All subjects provided written informed consent.
At enrollment, the medical history, hemoglobin level, and Rh-antigen status were assessed and a physical examination was performed. Using a centralized, computer-automated telephone response system, we randomly assigned eligible subjects to either medical or surgical management in a 3:1 ratio (i.e., approximately 75 percent of the subjects were assigned to receive medical management and 25 percent to receive surgical treatment). Randomization was stratified according to the study site and the type of pregnancy failure (anembryonic gestation or fetal death vs. incomplete or inevitable spontaneous abortion) and used randomly permuted blocks. The day of randomization was considered study day 1.
Surgical management typically consisted of manual vacuum aspiration in an outpatient setting at Columbia University and the University of Pittsburgh and electric vacuum aspiration in an operating room at the University of Miami and the 
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University of Pennsylvania. The aspiration was performed by a study investigator or by a resident physician who was supervised by an investigator. All women were contacted by telephone on day 8 to inquire about any symptoms, medications, or emergency visits to the hospital after the treatment. Women returned for a follow-up visit on day 15 (range, day 13 to day 18). Although randomized trials have not identified the optimal dose of misoprostol, 800 µg given vaginally was the most commonly tested regimen. 7 Thus, for the women assigned to medical treatment in our study, four 200-µg tablets (800 µg) of misoprostol (Cytotec, Searle) were inserted into the posterior fornix through a speculum. These women returned on day 3 (range, day 2 to day 5). If expulsion of the products of conception was not complete (that is, a gestational sac was still visualized or the endometrial lining was greater than 30 mm on transvaginal ultrasonography), a second 800-µg dose of misoprostol was administered vaginally. On day 8 (range, day 6 to day 10), if the expulsion of products of conception was still not complete, vacuum aspiration was offered. The women returned for a follow-up visit on day 15.
The women were given 30 tablets of ibuprofen (200 mg) and 20 tablets of codeine (30 mg) for pain and were instructed to use ibuprofen primarily and the narcotic as needed. They also received a structured diary in which to record side effects, medications, and emergency calls or visits to the hospital, and they were instructed to take their temperature daily for two weeks. Pain intensity was recorded on a 10-cm visual-analogue scale, with higher numbers indicating greater pain. 13 At each follow-up visit, transvaginal ultrasonography was performed, and the clinical investigator performed a physical examination, conducted an interview, and collected the diary pages. In addition, at the day 15 visit, hemoglobin was measured and each woman completed a questionnaire assessing the acceptability of the treatment and the quality of life. A telephone interview was conducted on day 30 (range, day 25 to day 35) to determine whether any woman underwent additional treatment. Women with symptoms potentially related to the study treatment were followed until the symptoms resolved.
statistical analysis
Recognizing that the success rate of medical treatment was unlikely to exceed that of surgical treatment for early pregnancy failure, 7 we designed the study as a noninferiority trial. Success was defined a priori as complete uterine evacuation without the need for vacuum aspiration in the medical-management group or a repeated aspiration in the surgical-management group within 30 days after initial treatment. On the basis of clinical judgment, we decided that, for medical treatment to be considered a reasonable alternative to surgery, it should be successful in at least 80 percent of the women; since prior data suggested a success rate of 98 percent for surgical intervention, 14 we selected an absolute difference of 18 percent as the maximal acceptable difference between the two treatment groups to indicate noninferiority. We used a one-sided test of equivalence with a significance level of 0.05. A total of 620 subjects were needed for the study to achieve a statistical power of 80 percent. 15 We first compared the baseline characteristics and the success rate according to clinical site in the two groups, using the chi-square test (or Fisher's exact test) and Student's t-test for categorical and continuous variables, respectively. All these analyses were done with the use of SAS software. In addition, we calculated 95 percent confidence intervals for differences in success rates with the use of StatXact software. 16 According to the protocol, the data and safety monitoring committee conducted one interim analysis after half the subjects had been recruited. No early termination occurred.
A total of 652 women were enrolled: 491 were randomly assigned to receive misoprostol, and 161 to undergo vacuum aspiration (Fig. 1) . Overall, embryonic or fetal death was diagnosed in 58 percent of the women, an anembryonic gestation was diagnosed in 36 percent, and an incomplete or inevitable abortion was diagnosed in 6 percent. The average gestational age was 7.6 weeks. There were no significant differences in demographic characteristics at enrollment between the two groups ( Table 1) . Almost all the women who were assigned to medical management received misoprostol immediately after randomization. In contrast, 63 percent of the women who were assigned to surgical management received the treatment on the day of randomization, 28 percent did so one day after randomization, and 9 percent did so two or more days after randomization, owing to the need to wait for an operating room. Surgical treatment was manual vacuum aspiration in 57 percent of the women and electric aspi- The new england journal of medicine 764 ration in 43 percent. The efficacy of these treatments did not vary significantly among the four clinical centers ( Table 2 ). The success rates of the treatments are presented in Table 3 . Of the women who completed the trial according to the protocol, 84 percent (95 percent confidence interval, 81 to 87 percent) were successfully treated with misoprostol and 97 percent (95 percent confidence interval, 94 to 100 percent) were successfully treated with vacuum aspiration. The absolute difference in success rates between the two treatments was 12 percentage points (95 percent confidence interval, 9 to 16 percent).
To assess the potential effect of losses to followup, we performed secondary analyses assessing success rates on the basis of various assumptions. Assuming that women who did not return for follow-up had all been successfully treated yielded an absolute difference in success rates between treatments of 12 percentage points. Assuming that treatment had failed in all women who did not complete follow-up resulted in an absolute difference between groups of 6 percentage points. Our study defined success a priori as the absence of the need for vacuum aspiration for any reason within 30 days after the initial treatment with misoprostol. Four women (all from the misoprostol group), however, underwent vacuum aspiration after day 30 for heavy bleeding or persistent bleeding.
In the misoprostol group, the expulsion of products of conception was complete after one dose in 71 percent of the women (346 of 490). Among those who received a second dose, this approach was successful by day 8 in 60 percent (64 of 107), for an overall success rate of 84 percent by day 8. The success rate varied among the subtypes of early pregnancy failure; women with an anembryonic gestation had a lower rate of success by day 8 than did the other groups combined (P=0.02). There was no significant relationship in either treatment group between the gestational age at the time of the treatment and the success rate (P=0.67 for the misoprostol group and P=0.30 for the surgical group) ( Table 3 ). Hemorrhage and pelvic infection were rare after either treatment (1 percent or less); the rates of these complications did not differ significantly between groups ( Table 4 ). The incidence of fever (temperature, 38.0°C [100.4°F] or greater) was also similar in the two groups. Among 13 women in the misoprostol group who had fever, 2 visited the hospital and 1 received antibiotic therapy. Among six women in the surgical group who had fever, three visited the hospital and two received antibiotic therapy. No maternal sepsis occurred. The frequency of emergency visits to the hospital during the first 24 hours after treatment was similar in the medical and surgical groups (3 percent and 2 percent, respectively; P=0.59).
The percentage of women who made unscheduled visits to the hospital was slightly but not significantly higher in the misoprostol group than in the vacuum-aspiration group (23 percent vs. 17 percent, P=0.09). A decrease in hemoglobin of at least 3 g per deciliter occurred more frequently in the misoprostol group than in the vacuum-aspiration group (5 percent vs. 1 percent, P=0.04). Women who received misoprostol were also more likely to report nausea, vomiting, abdominal pain, and more severe pain. Nonetheless, 83 percent of women stated that they would probably or absolutely recommend misoprostol treatment to their family and friends, and 78 percent stated that they would probably or absolutely use it again should similar circumstances occur in the future. The acceptability of treatment did not differ significantly between groups. Furthermore, among 190 women who had undergone vacuum aspiration in previous pregnancies but who received misoprostol during the current pregnancy, 80 percent stated that they would recommend misoprostol treatment and 73 percent stated that they would use misoprostol again if needed.
* Plus-minus values are means ±SD. There were no significant differences between groups.
† Race or ethnic group was self-reported. The new england journal of medicine
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Our study indicates that treatment of early pregnancy failure with 800 µg of misoprostol vaginally, with the dose repeated after 48 hours when necessary, is efficacious. The success rate by day 30 was 84 percent (95 percent confidence interval, 81 to 87 percent). The risks of hemorrhage and pelvic infection were very low, and the side effects were tolerable. Misoprostol treatment was acceptable to most women. The efficacy of misoprostol treatment for early pregnancy failure has varied greatly (ranging from 13 to 100 percent) in previous retrospective and discussion * One patient was ineligible.
† P values are for the comparison among the four groups. ‡ Two patients were ineligible. prospective studies. 7 This variation may be attributable to small sample sizes, the type of pregnancy failure (anembryonic gestation and embryonic or fetal death vs. incomplete abortion), the dose of misoprostol, and the criteria used to define success. Studies of misoprostol to date have used a single dose (ranging from 400 to 800 µg), two or three consecutive doses given 2 to 4 hours apart (with a total dose of 600 to 1800 µg within 24 hours), or an initial dose (ranging from 400 to 800 µg) that could be repeated 24 to 48 hours later if needed. 7 We found that an 800-µg dose of misoprostol administered vaginally was sufficient in the majority of women, with side effects that were tolerable to most women. We also found that women with an incomplete or inevitable spontaneous abortion were more likely to have complete expulsion after one dose of misoprostol than were women with embryonic or fetal death or women with an anembryonic gestation. However, by using a second dose if expulsion is incomplete, a similarly high success rate can be achieved in the latter group of women. We waited 48 hours between doses in an attempt to allow sufficient time for the initial dose to be effective while acknowledging the desire for prompt uterine evacuation; the majority of the women in our study reported satisfaction with this approach.
Some previous studies have used an endometrial thickness of 15 mm as assessed by transvaginal ultrasonography as a cut-off for success. 17 However, increasing evidence from women who have had a spontaneous abortion 18 or a medical abortion 11, 12 or received medical treatment for early pregnancy failure 19 suggested that such a cut-off may be too stringent. In our study, almost all women with an endometrial thickness of greater than 15 mm but less than 30 mm after misoprostol treatment completed expulsion spontaneously and uneventfully. † The chi-square test (or Fisher's exact test) was used for categorical variables, and Student's t-test was used for continuous variables. ‡ A woman could have had multiple unscheduled visits. § Hemoglobin analyses included four women who received a blood transfusion. Values were available for 421 women in the misoprostol group and 134 women in the vacuum-aspiration group. ¶ This symptom was reported in a woman's diary within 48 hours after the treatment. ¿ A 10-cm visual-analogue scale was used to record the severity of pain. Scores could range from 0 (no pain) to 10 (worst pain ever). Scores were available for 476 women in the misoprostol group and 141 women in the vacuum-aspiration group. In findings consistent with those of previous studies, our trial demonstrated that complications with misoprostol treatment occur at a rate of less than 1 in 70 treated patients. In the misoprostol group, 3 percent of women reported an emergency visit within 24 hours after treatment (a rate not significantly different from that in the surgical group), and one woman (0.2 percent) required emergency vacuum aspiration within 24 hours. Our experience, in accordance with that in other literature on medical abortion, 20 suggests that hospitalizing patients for the misoprostol treatment is unnecessary. As long as clear instructions for monitoring bleeding and infection are given to women and emergency service is readily accessible, self-administration of misoprostol at home could increase the convenience and privacy and further reduce the cost. Previous data have clearly demonstrated that women can comfortably insert pills into the vagina at home. 20 Our trial was large and involved a 30-day followup period. The vast majority of patients recovered satisfactorily in two weeks, but a small number required surgical evacuation even after one month. In addition, tissue was often seen in the cervical os of women who came for an emergency visit and sometimes at the follow-up visit; it was removed in many cases with ring forceps without further treatment. It is uncertain whether tissue in the os simply reflects the normal process of expulsion or whether its presence intensifies and prolongs bleeding.
Our study included relatively few women with an incomplete or inevitable abortion. This is attributable to our use of a relatively stringent definition of incomplete abortion (an endometrial thickness of 30 mm, as compared with one of 15 mm in previous studies). In addition, women who were having active, heavy bleeding when they presented to the hospital were ineligible, since they had a medical indication for emergency vacuum aspiration. Thus, women who had an anembryonic gestation or embryonic or fetal death were overrepresented in our study population. Furthermore, we studied only vaginal administration of misoprostol. Previous randomized trials have indicated that the efficacy of misoprostol is similar whether it is administered vaginally or orally, whereas the incidence of nausea, vomiting, and diarrhea was higher when the agent was administered orally. [21] [22] [23] It is not known whether 800 µg of misoprostol represents the lowest effective dose for all subtypes of early pregnancy failure.
In summary, our study shows that treatment of early pregnancy failure with 800 µg of misoprostol vaginally, with the dose repeated after 48 hours when necessary, is efficacious and safe. The risks of hemorrhage and pelvic infection are similar to those with vacuum aspiration, and the side effects are tolerable. Misoprostol treatment is an acceptable alternative to surgical management for most women.
